The Dc Gate in Channelrhodopsin-2: Crucial Hydrogen Bonding Interaction Between D156 and C128  by Heberle, Joachim et al.
Sunday, March 6, 2011 91apathways of the DMU and urea from the substrate-bound channels along
with water permeation properties through the apo channel. Although the
three urea molecules sampled almost every point along the channel during
our equilibrium simulations, we also carried out umbrella sampling simula-
tions of urea to better characterize the energetics associated with urea trans-
port. The absence of a gating mechanism and the stability of the protein
structure supports that UT operates via a non-gated channel-like mechanism
by providing a hydrated passageway for urea across the membrane. Our re-
sults also suggest that urea is co-transported with water as indicated by water
permeability of UT obtained from equilibrium simulations and that urea
maintains its hydration in the pore in umbrella sampling simulations. Inter-
estingly, UT manifests peak energy barriers of similar height to that of many
aquaporins not only for water but also for urea.
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Microsecond Pore Dilation Kinetics and Hydrophobic Gating of Magne-
sium Transport in the Cora System
Chris Neale, Nilmadhab Chakrabarti, Emil F. Pai, Re´gis Pome`s.
Although magnesium homeostasis is essential for life, the mechanism by which
cells select Mg2þ among more prevalent biological ions like Naþ and Kþ is un-
known. In our earlier molecular dynamics (MD) simulation study [Chakrabarti
et al., An Iris-like Mechanism of Pore Dilation in the CorA Magnesium Trans-
port System, Biophys. J. (2010) 98: 784-792], we identified a 1.5-nm-long hy-
drophobic constriction in the CorA Mg2þ transport system which is dehydrated
in the crystallographic state of the channel. In our simulations, an iris-like di-
lation of the pore led to a rapid wetting transition of the hydrophobic bottle-
neck, but only after regulatory magnesium ions were removed from their
intracellular binding sites. Here we report large-scale atomistic simulations
of CorA in a hydrated bilayer successively with and without regulatory ions.
The results of hundreds of simulations confirm the allosteric mechanism linking
the ionic occupancy of the regulatory sites to hydrophobic gating of the pore
and provide quantitative insight into the early kinetics of pore dilation and hy-
dration. Free energy simulations for magnesium permeation through a relatively
dilated conformation of the channel are presented, and the interplay of hydra-
tion, ionic occupancy of the lumen, and structural fluctuations of the channel
are analyzed. Together, these results provide insight into the molecular mech-
anisms governing the regulation, transport, and selectivity of magnesium per-
meation in the unusually long channel lumen of CorA.
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Effect of Sodium Channels on Initiation of Spiral Waves in the Ventricular
Tissue - a Computational Approach
R. Malathi, M.R.S. Reddy.
Early days the most accepted hypothesis is the mechanism of fibrillation in turn
leads to arrhythmia was that the anatomical and electrophysiological heteroge-
neity in cardiac tissue. Subsequent studies form a way that regional differences
in action potential duration (APD) and changes in depolarization in the heart
favor re-entrant arrhythmia. This work is therefore focused to analyze the effect
of sodium channels and external disturbances at tissue level. With the help of
detailed biophysical model of human ventricular cell, the role of sodium ion
concentration on single and one-dimensional array of cells in establishing ar-
rhythmias is studied. Investigation on cell pair and 1D array of cells resulted
delayed propagation of Action potential(AP) due to decrease of sodium ion
conductance. Based on this, the study was extended to a 2D tissue (60x60 grids)
and the cells are connected discretely via resistive connection, resembles gap
junction(GJ) conductance in real cardiac electrophysiology, which is new ap-
proach suggested. Normal AP propagation is established in the 2D tissue by in-
jecting an external stimulus current at the left top most corner in a small square
of grid and an optimal value of GJ is found, in order to make the AP propaga-
tion matches the real cardiac AP propagation. Next, along with AP generating
stimulus, an external disturbance of Gaussian in nature is presented at various
locations in order to analyze the initiation of spiral waves in the tissue, which
causes the Re-entrant arrhythmia. Several studies are also made to analyze how
the spiral waves are established in the 2D tissue by varying sodium conduc-
tance. Thus this study revealed that how the sodium ion plays a vital role in es-
tablishment of re entrant arrhythmia in the tissue.
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The Dc Gate in Channelrhodopsin-2: Crucial Hydrogen Bonding Interac-
tion Between D156 and C128
Joachim Heberle, Melanie Nack, Ionela Radu, Ramona Schlesinger,
Christian Bamann, Ernst Bamberg.
The light-gated cation channel Channelrhodopsin-2 (ChR2), a retinylidene
protein found in the eye-spot of Chlamydomonas reinhardtii, became an opto-
genetic tool to trigger neurophysiological responses by light and, thus, revolu-tionized spatio-temporal studies of such processes. The reaction mechanism
still remains elusive but recent vibrational spectroscopic experiments started
to resolve details of the associated structural changes during the photocycle.
Large alterations in the polypeptide backbone were observed by FT-IR spec-
troscopy that precede and succeed the opening and closing of the channel,
respectively. However, the molecular switch that controls gating is still un-
known. Here, we present difference spectra of the D156E mutant of ChR2
and assign the observed vibrational bands to crucial hydrogen bonding changes
of this residue in various intermediate states of the photoreaction. By compar-
ison with spectra of wild-type ChR2 and the C128T mutant and correlation to
electrophysiological studies, we propose the DC gate as a crucial hydrogen-
bonding interaction between D156 and C128 which may represent the valve
of the channel.
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Generation of Antibodies Against Ion Channels Using Virus-Like Particles
Joseph Rucker, Riley Payne, Sabine Baxter, David Tucker, Sharon H.Willis,
Benjamin J. Doranz.
Ion channels play an important role in cell signaling and activation and are
important classes of drug targets. While antibodies against linear epitopes of
ion channels exist, there are fewer antibodies that recognize complex confor-
mation-dependent epitopes. Monoclonal antibodies (MAbs) that recognize
conformation-dependent epitopes on membrane proteins are usually the
most valuable type of antibody because they can bind to critical structures
of the channel that can be exploited for its detection or modulation. How-
ever, the development of conformation-dependent, inhibitory MAbs against
membrane proteins such as ion channels is difficult because most membrane
proteins require a lipid environment to maintain their native structure. Addi-
tionally, ion channels are often expressed at low concentrations on the cell
surface, can be difficult to purify, and are usually poorly represented by lin-
ear peptides.
We demonstrate an approach to generating antibodies against ion channels us-
ing virus-like particles (Lipoparticles) to capture and concentrate structurally
intact membrane proteins in a format amenable to immunization for MAb de-
velopment. Membrane proteins within Lipoparticles are derived directly from
the cell surface without mechanical disruption or detergents, retaining the na-
tive structure and orientation of the membrane proteins. As an example, Lipo-
particles incorporating the voltage-gated proton channel Hv1 were used to
immunize both mice and rabbits. Sera from these animals demonstrated strong
immunoreactivity against Hv1 by Western blot, flow cytometry, and ELISA.
The 50% reactivity titer of Hv1-Lipoparticle antiserum against cells expressing
Hv1 was greater than 1:500 by flow cytometry, representing a highly reactive
immune response against the extracellular portion of the membrane protein. We
also show robust serum responses generated against other members of the volt-
age-gated ion channel family. These data demonstrate that Lipoparticles can be
used to generate specific high-titer immune responses to conformationally-in-
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Modelling Ion Channel Behaviour in Chondrocytes
Rebecca Lewis, Richard Barrett-Jolley.
Several reports of chondrocyte membrane potential (Vm) have shown that these
cells have significantly depolarised Vm compared to other cell types, such as
neurones and muscle cells.
Here, we measured the Vm of canine chondrocytes embedded in cartilage using
sharp electrode electrophysiology (Vm = 751mV; n = 10) and of isolated
chondrocytes in physiological saline using the whole-cell current-clamp tech-
nique (Vm = 651mV; n = 53). These depolarised values were consistent
across a range of species (Bovine = 1251mV; n = 5, Equine = 951mV;
n = 9, Ovine = 851mV; n = 8).
We developed a mathematical model to simulate Vm and describe the behav-
iour of ion channels in the chondrocyte membrane. The model was developed
combining data from our own experiments with the approach of Hodgkin and
Huxley. It allows manipulation of extracellular and intracellular conditions and
simulates the time dependent effects of these changes on Vm. We incorporated
the effects of pH, temperature and several channel blockers (magnesium, gado-
linium III and amiloride) into the model and tested its predictions using the
whole-cell current-clamp technique.
Previously, large-conductance chloride and voltage-sensitive potassium chan-
nels have been reported to be important in the maintenance of chondrocyte
Vm. This model of Vm, combined with data from our previous studies, indicates
that a number of non-selective cation channels also contribute to the mainte-
nance of Vm in the chondrocyte.
